Euryhaline rotifers Brachionus plicatilis and B. rotundiformis are indispensable as live food organisms for mass culture of marine fish larvae. However, problems concerning unexpected stagnant growth and the sudden collapse of the rotifers' mass culture have not yet been solved. One considerable factor influencing the population growth of rotifers may be an optimal supply of food. When population density is high, food is exhausted rapidly causing the rotifers to starve. 1 In a previous study 2 we found that B. plicatilis reproduction was suppressed under periodical starvation, but their lifespan was two times longer than those of non-starved animals. These changes in the population members' life-history parameters, brought about by the steady-state food limitation, resulted in stagnant population growth in mass cultures. Further, because population growth depends on a balance between birth and death rates during successive generations, the effect of starvation on the next generation (offspring) should be further studied for predicting the population fluctuations of rotifers. Therefore, in this study, we investigated the effect of periodical starvation on the offspring by examining their lifespan under starved conditions, which represents the amount of maternal investment, and hence influences the survival probability of the next generation (offspring quality).
The experimental protocol was almost identical to our previous study. 2 Brujewicz artificial seawater of salinity 33 p.p.t. was sterilized and used as a culture medium. Cultures were conducted at 25°C under total darkness except during observations. Forty first-newborn individuals (< 1 h old) of the B. plicatilis Ishikawa strain 3 were divided into starved (n = 24) and control groups (n = 16). Bias in the sample size of two groups was made on the basis that starved rotifers began to reproduce over a wider range of ages than did those of non-starved animals (control group), and it would be difficult to obtain enough offspring for the experiment. 2 The periodically starved group was fed for 3 h daily at 500 000 cells/mL of dietary algae Tetraselmis tetrathele, and then transferred to the culture medium without food for starvation for 21 h. The first offspring (< 1 h old) of the starved mothers (4 day old) was collected and used for the experiment (n = 8). The control group was continuously fed and transferred to the culture medium without food just before reproduction began (2 day old). They were then observed hourly, and the offspring was collected (< 1 h old, n = 9). The offspring of each group were cultured individually in 1 mL of the culture medium without food and transferred daily to the new one until death. Observations were conducted at 12 h intervals after hatching, and lifespan was calculated as the mean between two observations before and after death (±6 h). To compare the lifespans of the offspring between the starved and control groups, survival functions were calculated using the survival analysis method (StatView 5.0; SAS Institute Inc., USA). The homogeneity of survival functions was tested using the non-parametric log-rank test.
The offspring produced by the starved mothers survived significantly longer than those of the nonstarved mothers (P = 0.0323; Fig. 1 ). There were no offspring which produced eggs in either the starved or control group during the experiment. tance as an indicator of offspring quality, which is an ecologically more substantial parameter for the prediction of rotifer population fluctuation. On the other hand, not only starvation but other factors can influence the physiological condition of the offspring. For example, when the population growth rate increases in a conditioned medium in which rotifers were pre-cultured, egg sizes are smaller in this culture medium, and the offspring from these eggs would also have low starvation resistance. 3, 9 Accordingly, a higher population growth rate may cause deterioration of quality in the next generation, and consequently the stability of the population would decrease. The influence of population growth rate on the stability of a population has not been explored, and further studies regarding quantitative analyses of the egg size and yolk substance under various culture conditions will be important in establishing productive and stable mass rotifer cultures.
The difference in the lifespans of the offspring produced by the starved and non-starved rotifers implies variation of maternal reserves of yolk substance that enables newborns to survive without external resources (food). Under food-limited conditions, the survival probability of offspring decreases with the increase in population density. The periodically starved rotifers produced less than half the number of the total offspring than did the non-starved animals. 2 The results of this study show that starved rotifers produced fewer numbers, but producing individuals with high starvation resistance would be a favorable reproductive strategy constituting a trade-off between number and size of offspring. 2, 4 Recently, the quality of rotifers has been given much attention and various parameters such as swimming speed and egg ratio, enzyme activity, and hyper-saline tolerance have been examined to evaluate the activities of rotifer. [5] [6] [7] [8] However, in this study, we examined the species' starvation resis-
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T Yoshinaga et al. Fig. 1 Survival curve of the offspring obtained from periodically starved mothers (·····) and non-starved control (-) in the rotifer Brachionus plicatilis. Curves are product-limit estimates, and vertical bars represent one standard error of the mean (n = 8 and 9 for starved and control groups, respectively). The lifespan without food supply was significantly longer in the offspring of the starved group than in those of the control group.
